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Prevalence of frailty and pre-frailty and related factors in older adults with cardio-cerebral vascular disease in China: a national cross-sectional study
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Objective: Frailty increases adverse clinical outcomes in older patients with cardio-cerebral vascular disease (CCVD). The aim of this study was to investigate the prevalence of frailty and pre-frailty in older adults with CCVD in China and the factors associated with it.

Research design and methods: In this cross-sectional study, we used data from the fourth Sample Survey of Aged Population in Urban and Rural China. We used the frailty index for frailty and pre-frailty assessment, and the diagnosis of CCVD in older adults was self-reported.

Results: A total of 53,668 older patients with CCVD were enrolled in the study. The age-standardized prevalence of frailty and pre-frailty in older patients with CCVD was 22.6% (95% CI 22.3–23.0%) and 60.1% (95% CI 59.7–60.5%). Multinomial logistic regression analyses showed that being female, increasing age, rural residence, illiteracy, widowhood, ethnic minority, living alone, no health screening during the last year, hospitalization during the last year, difficult financial status, comorbid chronic conditions, and disability in activities of daily living were associated with frailty and pre-frailty in older patients with CCVD.

Conclusion: CCVD is strongly associated with frailty and pre-frailty in older Chinese people, and assessment of frailty should become routine in the management of older CCVD patients. Appropriate public health prevention strategies should be developed based on identified risk factors for frailty in older CCVD patients, which can help prevent, ameliorate or reverse the development of frailty in CCVD in the older population.
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Introduction

The seventh national population census in China conducted in 2020 showed that the population aged 60 or above was 264.02 million, representing 18.70%, up 5.44 percentage points from 2010, indicating that China has entered an aging society and the rate of aging is accelerating (1). With the advent of an aging population, the prevalence of cardio-cerebral vascular disease (CCVD) in China is on the rise, and the Cardiovascular Health and Diseases Report in China 2021 estimates that 330 million people have CCVD, and mortality from CCVD is the number one cause of death in both urban and rural areas, at 46.74% in rural areas and 44.26% in urban areas, it is higher than tumors and other diseases (2). CCVD imposes a heavy economic burden on the older adults and society, and has become a major public health problem. Frailty is a common geriatric syndrome, a clinical state that reflects heterogeneity between biological and chronological age due to a decrease in the physiological reserve and function of multiple systems resulting in a diminished ability of the organism to maintain homeostasis, an increased vulnerability of the organism and a diminished resistance to stress (3–6). Studies have shown a weighted prevalence of 11% (range 4–59%) for frailty in community-dwelling older adults (7). Frail older adults are at significantly increased risk for falls, disability, hospitalization, and death, and increase the burden on societal health care resources (3, 8, 9). Studies have shown that the prevalence of frailty in older adults with CCVD ranges from 10 to 60%, with a significant increase in adverse outcome events in older adults with frailty compared to those without frailty (10–13). In clinical practice, frail patients with CCVD require an individualized approach and optimized treatment decisions (14, 15). Early recognition of frailty is crucial to prevent the development of disability, dependence on others and a reduced quality of life (13). In order to reduce the burden of frailty in older patients with CCVD, corresponding public health policies are urgently needed, but the study of frailty in China started late, and there are few studies on the prevalence of frailty in older patients with CCVD. Our study aimed to analyze the prevalence of frailty and pre-frailty and related factors in older patients with CCVD in China, using data from the 4th Sample Survey of Aged Population in Urban and Rural China (SSAPUR) in 2015. The results of our study can provide valuable information for the prevention and treatment of frailty in older patients with CCVD.



Methods


Study design and participants

In this cross-sectional study, we used data from the fourth SSAPUR, in which a total of 224,142 older adults aged 60 years or older from 31 provinces/municipalities/autonomous regions in mainland China participated from 1 August 2015 to 31 August 2015. The survey used a comprehensive sampling method with stratified, multi-stage, size-proportional probability sampling and an equal-probability sampling design at the final stage to ensure the representativeness of the national older population. The sample size was allocated according to the proportion of the older population in each provinces/municipalities/autonomous regions in mainland China, and 462 counties were finally selected. From each county, four towns were selected and from each town, four communities were selected. Finally, 30 older people were selected from each community using an equidistant sampling method. The data collected through household interviews and questionnaires provided valuable insights into the living conditions of older people. More detailed information on the survey design and sampling methods can be found in previous studies (16–18). We use the frailty index (FI) to assess the frailty status of older adults. Exclusion criteria for this study: 15,756 participants out of 224,142 older adults who participated in the fourth SSAPUR were excluded because less than 28/33 items were used to construct the FI, and 154,718 older adults without a history of CCVD were excluded out of the remaining 208,386 older adults. Inclusion criteria for this study: older adults with self-reported CCVD and ≥ 28/33 items used to construct FI, a total of 53,668 older patients with CCVD were enrolled in this study (Figure 1). The study protocol was approved by the National Bureau of Statistics (No. [2014] 87) and the Beijing Hospital Ethics Committee (2021BJYYEC-294-01). Written informed consent was provided by all participants.
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FIGURE 1
 Flowchart of study participants on frailty and pre-frailty prevalence in older adults with cardio-cerebral vascular disease in China.




Demographics

Demographic characteristics: age, sex, education, marital status, ethnicity, urban/rural, living alone, health screening during the last year, hospitalization during the last year, financial status, ease of reimbursement of medical expenses, disability in activities of daily living (ADL), co-morbid chronic diseases.



Identification and assignment of health deficit variables for FI

We selected 33 items from the questionnaire (at least 28/33 items per subject) to construct the FI according to the FI construct consensus (19). The exact construction method has been described in our previous study (16). We classified the FI into 3 levels: robust (FI < 0.12), pre-frailty (FI ≥ 0.12 and < 0.25), and frailty (FI ≥ 0.25).



Statistical analysis

The literature reports a 10–60% prevalence of frailty in patients with CCVD, and we used a 10% prevalence to calculate the sample size (10, 11, 13). We used PASS software (NCSS, Kaysville, UT, USA) to calculate the sample size and applied a design effect of 3 to account for a multi-stage cluster sampling design. The sample size was 10,671. Thus, our sample of over 50,000 participants in this study was adequate. Statistical analysis was performed using SPSS 24.0 (IBM Corporation, Armonk, NY, USA). Missing data were interpolated using the Markov Chain Monte Carlo (MCMC) multiple fill method. Age-adjusted prevalence of frailty and pre-frailty among older Chinese people with CCVD was calculated according to the weights established in our study. The significance of differences was assessed by Student’s t-test for continuous variables and by χ2-test for categorical variables. The Cochran-Armitage test was used to test for trends in the prevalence of covariates. Multinomial regression analyses were used to identify factors which were associated with frailty and pre-frailty, including age group, gender, ethnicity, place of residence, education level, marital status, living alone, health screening during the last year, hospitalization during the last year, financial status, ease of medical reimbursement, comorbid chronic conditions, and ADL disability. The level of statistical significance was defined as p less than 0.05.




Results

A total of 53,668 self-reported patients with CCVD were included in our study, and the self-reported prevalence of CCVD among older adults was 25.8%, with a prevalence of 23.0% among men and 28.3% among women. The demographics and frailty risk factors by gender, urban/rural and ethnicity of older adults with CCVD are shown in Table 1.



TABLE 1 Demographics of the Chinese adults aged 60 years or older with CCVD by gender, urban/rural, and ethnic groups in 2015.
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The FI of older adults with CCVD was gamma distributed (statistical value = 0.094, p < 0.001). The FI of older adults with CCVD was 0.18 (0.11) (ranging from 0.04–0.67) and the FI for women was 0.19 (0.10) higher than the FI for men of 0.17 (0.10) (z = 17.495, p < 0.001).

The prevalence of frailty in older adults with CCVD increased with age, with a significant increase from 15.5% in the 60–64 age group to 42.1% in the ≥85 age group. Additionally, frailty was more prevalent in rural areas and among ethnic minorities. Frailty was mostly seen in older adults with CCVD who were illiterate, widowed, living alone, had not had a health screening during the last year, had been hospitalized during the last year, had financial difficulties, had difficulties in medical reimbursement, and had combined chronic diseases and ADL disabilities (See Table 2). Furthermore, the prevalence of frailty among older adults with CCVD was higher in northern China (24.0%) than in southern China (20.2%). The prevalence of frailty among older adults with CCVD in seven administrative regions of mainland China was highest in northwest China, followed by southwest China, then north China, then central, south, northeast and southeast China. The highest prevalence of frailty among older adults with CCVD in 31 provinces/municipalities/autonomous regions in mainland China was in Gansu Province (36.6%), while the lowest prevalence was in Fujian Province (14.9%) (Figure 2).



TABLE 2 Prevalence of frailty and pre-frailty among older adults with CCVD in China in 2015.
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FIGURE 2
 Prevalence of frailty and pre-frailty in older adults with cardio-cerebral vascular disease in different regions in China. (A) Prevalence of frailty and pre-frailty in older adults with cardio-cerebral vascular disease in different administrative regions. (B) Prevalence of frailty and pre-frailty in older adults with cardio-cerebral vascular disease in different provinces/autonomous regions/municipalities.


Multinomial regression analysis showed that being female, increasing age, living in a rural area, being widowhood, belonging to a ethnic minority, living alone, no having undergone health screening during the last year, experiencing hospitalization during the last year, facing economic hardship, comorbid chronic diseases, experiencing ADL disability were risk factors for frailty and pre-frailty in older adults with CCVD. On the other hand, having received education was a protective factor for frailty and pre-frailty in older adults with CCVD (Table 3).



TABLE 3 Related factors associated with frailty and pre-frailty by multinomial logistic regression of older adults with CCVD.
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Discussion

Our large national sample study showed that the prevalence of self-reported CCVD among older adults in China was 25.8%, indicating a very high burden of CCVD among older adults. With the aging of the population, the burden of CCVD has shifted to older adults in the last two decades. The Cardiovascular Health and Diseases Report in China 2021 showed that the prevalence of CCVD in China is in a continuous rise, with about 330 million people currently suffering from CCVD, and the mortality rate of CCVD among Chinese urban and rural residents has also been on the rise in the last decade, with rural and urban CCVD accounting for 46.74 and 44.26% of causes of death, respectively, in 2019 (2). Population aging is the main driver of the increase in deaths from CCVD, with studies showing that 3.09 million residents died from CCVD in China in 2005, increasing to 4.58 million in 2020, representing a 48.06% increase in total mortality from CCVD in China compared to 2005 (20). CCVD has become the most important chronic non-communicable diseases that affect the health and longevity of older adults in China. Frailty is a prevalent age-dependent syndrome that is associated with adverse health outcomes. Studies have shown that CCVD is closely associated with frailty and that frailty has an impact on the immediate and long-term prognosis of patients with CCVD (11, 12). Therefore, studying the frailty status and risk factors of older Chinese patients with CCVD can help inform public health policy makers and promote healthy aging in older patients with CCVD.

Our study used a rigorous sampling design and quality control to accurately report the prevalence of frailty and pre-frailty among Chinese older adults with CCVD. Our study found a high age-standardized prevalence of frailty of 22.6% (95% CI 22.3–23.0%) and an age-standardized prevalence of pre-frailty of 60.1% (95% CI 59.7–60.5%) in older adults with CCVD. Studies have shown that the prevalence of frailty in patients with different degrees of CCVD ranges from 10 to 60%, relying on the definition of frailty and assessment tools used in each study (10, 11). In patients with CCVD, the prevalence of frailty was three times higher than in those without CCVD (21). In our study, the prevalence of frailty in older adults with CCVD was 4.6 times higher than in those without CCVD. Our study found a 61.2% prevalence of CCVD among frail older patients, significantly higher than the 17.4% prevalence of CCVD among robust older adults, and our study shows that cardiovascular disease is strongly associated with frailty in the older adults. Studies have shown a strong bidirectional association between CCVD and frailty (12, 22), with both disease processes having the same pathophysiological basis. Inflammatory senescence, a mild, asymptomatic, systemic, chronic inflammatory state, occurs with age and is characterized by an elevation of pro-inflammatory factors that act as molecular mediators and a decrease in factors that inhibit the inflammatory response. Chronic inflammation plays an important role in the pathophysiology of CCVD, and chronic inflammation also has direct or indirect effects on the musculoskeletal, endocrine, cardiovascular and hematological systems, leading to frailty occurrences (23, 24).

Our study found that that several factors, including being female, increased age, living in a rural area, being widowhood, belonging to a minority, not having undergone health screening during the last year, having been hospitalization during the last year, experiencing financial difficulties, facing inconvenient medical reimbursement, having comorbid chronic diseases, and experiencing ADL disability were risk factors for frailty and pre-frailty in older adults with CCVD, while having received education is a protective factor for frailty and pre-frailty in older adults with CCVD. The findings of our study are consistent with those of previous studies (4, 25–30). The risk factors for frailty in older patients with CCVD identified in our study could help to identify high-risk patients early and implement interventions to prevent or delay the onset of frailty in older patients with CCVD.

Our study found that older women with CCVD had higher rates in the ≥85-year-old age group, were widowed, lived alone, and had comorbid chronic diseases compared with older men with CCVD, Additionally, they had lower rates of good education, health screening during the last year, and financial well-being. These factors may partially explain the gender differences in frailty in older adults with CCVD. Furthermore, our study found that a higher proportion of older adults with CCVD in rural areas were unmarried, ethnic minorities, living alone, in difficult financial situations, experiencing ADL disability, facing inconvenient medical reimbursement, and less well educated compared to older adults with CCVD in urban areas. These factors may partially explain the urban–rural differences in frailty among older adults with CCVD. Additionally, our study found that compared with Han Chinese older adults with CCVD, ethnic minority older adults with CCVD had higher rates of illiteracy, widowhood, past 1-year hospitalization, financial hardship, ADL disability, comorbid chronic diseases, and lower rates of past 1-year health checkups. These differences in demographic characteristics and frailty risk factors may partially explain the ethnic differences in frailty among older adults with CCVD. Lastly, we also found that there were considerable regional differences in the prevalence of frailty among older adults with CCVD, with relatively high prevalence among older adults with CCVD in the less economically developed north-west and south-west regions, and relatively low prevalence in the economically developed coastal regions. These findings may help governments to formulate appropriate policies to prevent and ameliorate the frailty of older adults with CCVD.

Our study has several limitations that should be considered. Firstly, self-reported diagnostic information for CCVD may be subject to recall bias. Secondly, the study lacked information on the specific type, duration and extent of CCVD. Thirdly, smoking is an important risk factor for CCVD and this study did not assess the relationship between smoking and frailty in older patients with CCVD. Lastly, this study was a cross-sectional study and the causative relationship between the factors of interest and frailty in older patients with CCVD could not be determined.

In conclusion, the prevalence of frailty and pre-frailty in older cardiovascular patients is very high and frailty assessment should become routine in the management of older patients with CCVD, attention should be paid to early identification of risk factors for frailty in older patients with CCVD and timely interventions to prevent, delay or reverse the onset of frailty in older patients with CCVD.
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CI, confidence interval; OR, odds ratio; ADL, activities of daily living; CCVD, cardio-cerebral vascular disease.
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ADL, activities of daily living; CCVD, cardio-cerebral vascular disease. The superscripts a and b indicate the difference in the demographics among different subgroups.
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